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Fig.1 Topology of flexible DC transmission system

1.1 BEESFESH

U TK R B A AR ORI, ST 45 A F) RE X
TR AR /N, BT DL RO R
BFEFT TR L 2 P A7 A Y BE . R IS (il
AR 2 e 2 IR A FEL G 5, R T PR 7 J5 il /
LRSI 3 3 A R I R L AR O £
B3t A o3 6

[Z; =f[1 _11] [Z:] (1)

KAy ap 73BT R B 1 R ) 1 5
ap « ay JPANIE U

TR 2R I A A LA S A R .
2 fw, MBI MMC,, A8 it 2 R R L .
B 3t FL P TR T o it R S i F P b T
W L U TG T

Siety o0

Y\

MMC, p j Z

I =
Y\

MMC,

B2 HBigpiEigkE
Fig.2 Single-pole ground fault
PR R ) 285 v, A ) 4% 5 A ) 4% 7
A S i v 1 A S B ER IR A O R o R AT I
A h

U V22,0, Iy t L,
= X
o Z() + Z] + 4Rl‘ ZM] + le + Ll
(2)
V22,

U, =——U
"o Z,+Z, +4R, "

K U,y Uy 235000 a b AR LB IR Z,
Z 50 ) 0 2 R BEATC A S 73 B R 7345 Uy Ay
ﬁiﬁ%%ﬁ:ﬁ@ﬁ, Ry jﬂﬂ{EEﬁﬁﬂ, Zyi ~Zy L ﬁ’jﬂju
o MMC S5 FHIT AR 7 A BELBE L BIR I FL s HL
ML it

LI % e A U L % 5 B 218 {0 5 WAL 4K it
T M = AR A e, 5 R, AN 3 s, PR
MMC g 2 s T e o e B A 5 s HL T

AR S B, e e L T

N
MMC, 2 b
MMCy AN

3 MR IR
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Fig.4 Fault inside and outside the
transmission line zone
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Fig.5 Fault traveling wave direction inside
and outside the transmission line zone
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Fig.6 Equivalent circuit model for lightning strikes
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Fig.7 Flow chart of protection scheme
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Fig.8 Amplitude ratio of line-mode voltage of
single-pole ground fault inside the zone
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of single-pole ground fault inside the zone
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Fig.19 Line-mode current of lightning disturbance
inside the zone and single-pole ground fault
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Table 3 Simulation discrimination results for diffe-
rent faults with different transition resistances
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Table 4 Simulation discrimination results for different
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Fast protection scheme for flexible DC transmission line

based on voltage traveling wave steepness
GAO Zhengchuang, LI Fengting, XIE Chao, YIN Chunya
(School of Electrical Engineering, Xinjiang University , Urumqi 830017, China)

Abstract : Flexible DC technology has revolutionary significance in flexibly solving the problem of high proportion of new energy
consumption. Due to the vulnerability of high-ratio power electronic equipment and the difficulty in extracting fault information,
traditional line protection schemes can no longer be reliably adapted to the flexible DC transmission system. A rapid protection
scheme for flexible DC transmission lines based on voltage traveling wave steepness is proposed in this paper. By analyzing the
transient characteristics of DC line faults, and utilizing the differences in the steepness and polarity of fault voltage traveling
waves on both sides of the current-limiting reactor, the range of effective transient information extraction is increased,and the
fault identification inside or outside the region is realized. The faults are classificated by utilizing the significant difference in the
degree of voltage traveling wave variation between the faulty and sound poles. Lightning interference is considered and a rapid
identification method is proposed by using its initial change characteristics. Finally, the performance of the protection scheme
under various influencing factors is verified by simulation, which can identify faults quickly and reliably and has good sensitivity
and anti-interference ability.
Keywords: flexible DC ;transient information;voltage traveling wave steepness ; voltage traveling wave polarity ; lightning distur-

bance ; sensitivity
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